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east components of the wind and the temperature. This 
is the case if the actual surface wind, the gradient wind, 
or the drift of the balloon which c.arries the instruments 
be used. Doubtless, as Ca t. C. K. M. Douglass urges 

of ori ‘n of the air, not its temporary direction that mat- 
ters, r u t  in view of the absence of coi-relation between 
wind direction in the upper air and temperature It does 

(R. Met. S. J., Vol. XLVII, !k 0. 197, p. 23), i t  19 the place 

not seem possible to me that cyclones should be caused 
by the action of polar and e uatorial currenh. On l;he 
other hancl there can be no 2 oubt that the mild winters 
of western Europe are due to the prevalent southwest 
and west winds coming from the warm waters of the 
north Atlantic. 

In the sugmested explanation of the correlation between 
pressure an$ tern erature nothing has been said about 
the time requisite P or the adjustment. If the explanation 
is to be feasible, the time required must be compara- 
tively short : otherwise radiation would prevent the 
changes of tem erature from being adiabatic. If we 

mentary clynamical considerations that equalization of 
temperature between places 200 kilometers apart would 
take about an hour. The time required varies as the 
square root of the distance, so that the equalization 
between two places on the ordinary weather chart is only 
a matter of an hour or two, in which time radiation 
would not have much effect. But the assumption that 
frictional resistances may be neglected is certainly alarge 
one owing to the eddy viscosity of the atmos here. 
However, the gradient wind appears to adjust itself with 
considerable rapidity to the distributioii of pressure not- 
withstanding the eddy viscosity, so perhaps the time is 
not greatly increased by the same cause. But the re- 
tardation due to eddy viscosity will vary as the distance, 
so that for large distances it may be very considerable. 
!This may explain why differences of mean temperature 
exist in winter between, let us say, England and eastern 
Europe a t  a few kilonieters height, though it may be 
noted t.hat such differences are far smaller than those 
found at  ground level. 

neglect frictiona F resistances, it can be shown by ele- 

AVERAGE FREE-AIR WINDS AT LANSING, MICHIGAN. 
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The finst pilot-balloon ascension at this station wm 
made June 10, 1919, and flighb have been made daily 
since that time, exc.ept when impossible through inclem- 
ency of the weather. Flights were made at 7 a. m. and 
3 p. m. until August, 1921. Beginning with the fli ht  of 
August 1, the morning asccusions were discontinue!, and 
the single flight daily at 3 p. rn. has been made since 
that t h e .  

The results set forth in this paper have been based on 
the flights made during the three-year period, June 1919- 
May 1922, inclusive. The number of flights obtained 
during that time, and listed by seasons and altitudes, 
follows : 

TABLE l.-Nwiirber. oJ pilo/-ballooii nsc&irs, .Jii.m 1919, to May, 
1922, 61rhwiT&. 

m. 
SurlurIaCo.. .......................... m ................................ 
500.. .............................. 
750.. .............................. 
1 m .............................. I 
1: 500.. ............................ 
2m .............................. 
2; 500.. ............................ 
3,m .............................. I 
3,600 .............................. 
4000 
4’ 600.. _- 
5’m ............................... 
6:oOO ............................. .! 

.............................. ......................... . ! 
231 
I94 
164 
13ti 
117 
103 
85 
52 

324 1 474 
324 1’47.1 
2sB 1’397 
0x2 1:zsa 
213 1,204 
170 1,047 
143 814 
127 ifA 
110 657 
$I 529 
76 457 
56 377 
40 277 
a7 213 

The percentage of winds from various directions .over 
this three-year period is shown in Table 2, and as w1u be 
noted shows over 50 er cent of the surface winds with a 

component. Bt, 4,000 and 6,000 meters elevation the 
pre onderant, direct.ion lies between west and northwest, 
an cr slightly favoring northwest. The detailed percent- 
ages are as follows: 

sout,h c.omponent ant P inore than 56 per cent with a west 

TABLE 3.-l-’errentage,fi . i i~n.~ qf i i ~ i ~ ~  observed from .various directions. 

The information wntained in this table has been used 
in the graphical representation (fig. l) ,  whichshows prob- 
ably to better advantage the results obtained. Above 
9,000 nieterw west to northwest winds generally prevail. 

In  Table 3 are given the mean free-air winds for the 
different seasons and the inean annud directions and 
velocities. Southwest winds revad at  the surface dur- 
ing the spring, sumqier, a n 8  autumn months,dving 
place to a west direction in the winter season. sur- 
face velocities are dose to three meters per second 
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with a slightly reater s eed during the spring-months. 

clockwise direction and velocities average two and a half 
eater than at the surface. Above 1,500 meters 

onent is in no instance observable in the 

Velocities are eatest in the winter months, and at  the 
the average reaches 27.7 meters 

per second, as corn ared with the summer niem of 13 mp. 
at  that level. In& ure 2 the mean seasonal wind direc- 

of winter and summer velocities is sFown, as also the 
siniilarit of autumn and spring velocities. A glance at 
the g a p  t of directions shows particularly the more con- 
sistently west component during 6he autunin months, 
with only slight deviation above 1,500 meters from a 
due west direction. In  the other seasons the northcom- 
ponent is more generally resent, while in no case above 
1,500 meters, as stated be ore, is there any close approach 
to n south component. 

At 250 meters, t % e winds R ave shifted qulte deikvtely in a 

means and t f e winds are consistently west to northwest. 

6,000-meter eevation P 
tions and velocities), B ave been plotted and the contrast 

con 

m m  

P m m  M m m  

FIGURE I.-Percentage frequency of winds from varlms directions at different levels 
above Lansing, Mlch. 

s. 880 w. s. 800 w. 
N. 8 9 O  W. 

W. 
N.820 W. 
N. 7S0 W. 
N.74O W. 
N.74O W. 
N . W  W. 
N. So W. 
N. 70" W. 
N.M0W. 
N . W  W. 
N. 8 3 O  W. 

m. p .  a. 
8.1 
7.3 
8.8 
&8 
9.1 
9. 9 

10.8 
19.0 
18.0 
14.0 
15. I 
16.2 
17.0 ia 8 

Annual. 

2000 ............................................................ IN.73'W. 
ai500 ........................................................... ' N . 7 3 ° W . ~  
3,000 ............................................................ IN.64'W. 
3,tW ............................................................ N . W W .  
4000 ............................................................ N . W W .  

5000 ............................................................ N.&LOW. 
6:W ............................................................ iN.58OW. 

ai500 ............................ : .................. 1 ............ N.88'W. 

Dlrectlon. I velocity. 
I 

1 l :O N : W W : '  7.8 N.NOW. 10.8 N.73'W. 12.8 
12.0 N.820W. S.4 N . b O W .  12.0 N.7OoW. 15.5 
13.1 N.58'W. 9.1 N . W W .  1 2 9  N.68'W- 16.8 
13.7 N.58'W. 0.7 N . b O W -  13.6 N . S O W -  18.8 
14.9 N . W W .  10.2 N . S O W .  15.0 N.88'W. 21.7 
15.4 N.58'W. 10.3 N.W0W. 15.7 N.6I0W. a . 5  
16.0 N.61°W. 11.1 N.840 W. 16.4 N-57'W. 24.6 
16.8 N.57OFV. 12.0 N.M0W. 18.5 N.54OW. 27.7 I 
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250 ............. 
500 ............. 
750 ............. 
1000 ........... 
2:000 ........... 
3,000 ........... 
4,ooO ........... 
5,000.. ......... 

TABLE 4.-Average annual dizcetion and speed of free-air itrinds, Lansing, Mi&., for different directions at wfm. 

Altitude, meters. 
Surface. 

350 1 5 0 0  I 7 5 0  1 1 , o o o ,  I 5,000 I 3,000 I 4,000 I 5,000 

___-__--- 
80 . 58 73 45 45 42 61 65 110 126 139 105 144 77 108 
74 I 53 66 4?a Q 43 56 61 108 1% 136 100 137 67 101 
68 ! 50 64 39 41 39 56 59 102 112 128 90 119 56 94 
M : 4 6  59 36 40 39 51 51 98 107 122 85 107 48 87 
49 ! 36 50 33 34 30 39 45 71 78 95 64 59 26 61 
38 j 28 41 23 26 22 28 36 53 63 68 38 41 16 40 
28 18 31 18 22 17 21 28 41 32 42 21 23 10 28 
18 I 12 23 16 18 14 18 19 28 21 30 11 15 7 13 

N.2.3 ........................................... N.12OE. 4.9.. 
NNE.2.7 ........................................ N.!PE.6.0.. 
NE.2.8 ......................................... N.46OE.6.5.. 
ENE.2.5 ........................................ N.73OE. 5.8.. 
E.2.6 ........................................... S . S O E .  5.9-. 
ESE.2.2 ........................................ S.63'E. 5.8.. 
SE.2.6 .......................................... S.26'E. 6.1.. 
SSE.2.8 ......................................... S.ll'E.7.7.. 
8.3.3 ............................................ 9. 23OW.7.6.. 
ssw.2.9 ........................................ 8. 46~1V.8.4. .  
SW.3.0 ......................................... S . W W . 8 . 6 . .  
WSW.3.1 ....................................... S. no W.8.4.. 
W.3.5 ........................................... N.S0W.7.8.. 
WNW.4.0 ...................................... N.61OJV.7.9.. 
NW.3.3 ......................................... N.39'W.B.g.. 
NNW.3.2 ....................................... N.D'W.5.9.. 

I 
N. 3 O E .  5.3.. 
N.3YE. 6.3.. 
N.49OE. 7.0.. 
N.81'E. 6.4.. 
8. 79'E. 6.7.. 
8. W E .  6.0.. 
5. 19OE. 6.7.. 
S. 2OW.8.6.. 
8. w w . 9 . 4 . .  
5. 570 w. 0. s.. 
8. 7O01V.9.6.. s. w w . 9 . 3 . .  
N. P 3 O  1%'. 9.3.. 

N . W  W.B.S-.l 

i 

- 
N. 3OW. 5.8. 
N. 24' E. 6.5. 
N.170E. 13.8. 
N.76OE. 6.0. 
S. 71°E. 6.3. 
S. 1 Y E .  5.S. 
S. 13'E. 6.9. 
S. 14"W. 8.5. 
P. 37ow. 9.5. 
8. 630 w. 10.7. 
8. 6YW.10.3. 
s. w9ow. 10.2. 
N.79"W.lO.3. 
N.59OW. 9.2. 
N.420W. S.R. 
N.WW.  7.6. 

N.llOW. 6.3. 
N.1VE. 6.3. 
N.40'E. 6.6. 
N.73'E. 6.5. 
fi. W E .  6.2. 
S. 32O E. 5.9. 
S. lao E. 6.7. 
5. 350w. 7.9. 
s. fiOIV, 9.7. 
8. 640 w. 10. 8. 
S .  73' W. 10.6. 
N. S'W. 10.6. 
N.79OW. lfl.9. 
N.5S0W. 9.9. 
N. 39O W. 9.5. 
N.300W. S.6.i 

N. Iso W. 9.2. 
N. 6 O W .  7.0. 
N. 3OE. 7.7. 
N.19'E. 6.4. 
N.W'E. 6.0. 
8. 7S0 W. 6.6. 
Y. 51' W. 7.6. 
S. 6 9 O  W. 8.8. 
S. 62'W. 9.6. 
S. SO- W. 11.6. 
N. S 5 O  W. 11.5. 
N.SO"W. 12.7. 
N.71°W. 13.2. 
N. 5? W. 13.0. 
N.49"W.lS.B. 
N.34OW. 11.5- 

N. I9O W.11.6. 
N.23'IV. 9.2. 

N. 17'W. 7.4. 
N.76OW. 7.5. 
N.63OW. 6.5. 
s. 810 w. 9.1. 
s. 71ow.11.2. s. 710 w. 11.8. 
N. No W. 13.7. 
s. SA0 m. 13.0. 
N. 70° W. 15.3. 
N.70°W.15.6. 
N.50"W. 16.6. 
N. AQO W. 17.1. 
N.40n W. 15.1. 

N. SOW. 8.8. -I I 
N.BO W.18.1 
N.WW.12.4 
N. as0 W. 12.7 
N.300 W.12.1 
N.6So W .lo.( 
8. 85OW. 9.7 
5. So W.13.2 
N.S1° W. 14. 4 
N.8So W.15.7 
N.7I0W.18.1 
N.81°W.17.0 
N.4?7°W.1S.6 
N. 63' W .19.7 
N. 49' i V  .m.9 
N. 52' W. 22.2 , N.54'W.20.2 

In Table 4 are 'ven the average direction and velocity 

shown also by similar computations at other stations 
the increase in velocity from the surface to about 500 
meters is appro-uimately the same for all directions. In 
the up er levels, however, the easterly winds do not reach 
the ve ocities attained by the westerlies. Easter1 sur- 
face winds in most cases shift to west with altitu e, the 
shift occurring frequently between 1,000 and 2,000 meters. 
Through this shift the velocities are generally small and 
after reaching a west or northwest current do not usually 
attain a speed of a wind that has been consistently west 
from the surface up. 

In Pigwe 3 the tabulated data have been plotted and 
the relative differences in direction aloft for different 
surface directions are shown. In the case of surface 
winds with an east component, the number of flights in 
several instances is few, and the aver e direction ob- 

a surface south component all show a clockwise move- 
ment with altitude and as a rule reach a west-southwest 
direction at  about 2,000 meters. Winds with a north- 
surface component also follow a clockwise direction to 

at various levels ff or the 16 directions at the surface. Bs 

3 P 

tained is probably not entirely dependab Y e. Winds with 

FIGURE 3.-Average turning of vsrious surface winds with altitude above Lansing, Mich. 

about the 500-meter level from which approximate point 
the drift is counterclockwise. There is a more or less 
persistent north component to the highest levels, how- 
ever, the average at (3,000 m. for all winds with a north- 

-. 

!i 
2 - 
49 
45 
39 
38 
26 
18 
16 
8 
- 

A series of flights made between Janua 24 and 30, 

ponent at the surface in each instance, and because of the 
comparative1 high altitudes attained. The pressure was 

lnches at  Green Bay, Wis., on t e 24th, and the tempera- 

1922, was unusual because of the presence o 7 an east com- 

generally hig K over the countr , with a center of 30.80 i 
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m. 
Surhce. - - ._. . . . . . . . . . 
a50 ._...__..........__ 
500 ..........-........ 
750 --...-..-......_..- 
1,000 _...._._......... 
3,000 ....._._....__._. 
4,000 ........_...._... 
5,000 ._............... 
a,m. ._............_.I~. 

ture at that oint -20’ F. The only low area present 
was 30.10 in es in the northwest, centered around Cal- 
gary. The hi h area continued over the eastern half of 
the country tfroughout the series of fli hts, the center 

On the 29th, the sixth day of the series, the high area had 
backtracked ap arently and had built up agam over the 

Sault Ste. Marie. At this time storms had formed in 
the southern Rockies, with a low center of 29.40 inches at  
Denver. A summary of the series follows : 

TABLE B.-Balloon fiights, Jaiiitary 2-$-.30, 1922. 

moving over the Lakes and thence to rf ew York State. 

Lakes and lMic fl igan, with a center of 30.70 inches at  

I Jan. w. I Jm. 25. I ~ m .  20. I Jan. 27. I Jan.%. I ~ m .  m. i ~ m .  3o. 

s. 728 w. 0.9 
S . W W .  2.8 
S.SI’W. 3.9 
8 .W w. 4.4 
S . W W .  5.0 

N . W W .  10.8 
N . W W . 1 3 . 1  
N.83°W.14.5 

710 w. 7.8 

Flights of great altitude have been obtained on several 
occasions, as mstanced by that of May 12,1922, when an 
altitude of over 15,000 meters was obtained. The winds 
were li h t  until an elevation of 12,000 meters, at  which 
point t E e balloon entered a northwest current and veloci- 
ties increased steadily to 27 m/s. at  15,900 meters’ altitude. 
The weather ma showed an area of hi h pressure of 30 

29.50 inches at North Platte, Nebr. Reading hi h alti- 

turn usually result from a high-pressure area centered over 
or near the observin station. The greatly increased 

faulty in some instances, because of a leaking balloon, 
althou h many recent double theodolite observations 

kilometers, at least. 
Several fli hts with extreme velocities have been re- 

corded. On % ovember 18, 1919, a maximum of 55 m/s. 
was observed near the 6,000-meter level. A high velocity 
was re orted also from Madison, Wis.; the weather map 
showe B a low area of 29.55 inches over the Great Lakes 
and a high of 30.40 inches at  North Platte, with closely 
placed isobaric lines and a steep gradient. 
On December 17, about a month after the instance 

noted above, the highest velocity ever recorded a t  
Lansing was obtained, 83 m/s. from the nortliwest a t  
about 7,000 meters’ altitude. A large increase in 
velocity with altitude was also observed at Madison, 
Wis., but the balloon was followed only to 2 kilometers 
where the wind was NW. 26 m/s. l b e  pressure was 
high with a crest of 30.50 inches at St. Paul and there 
wtm a low area of 30 inches moving off the Atlantic 
coast? 

Light winds are recorded more or less frequently 
during tho summer months. On July 4 and 5, 1921, 
with a lllgh pressure of 30.20 inches over the Great 
Lakes and down though Illinois, Missouri, and Okla- 
homa, fhghts of 9,000 m. and 6,000 m., respectively, 
were obtamed and very light winds prevailed throughout, 
averaging 3 and 4 m/s. On July 13, 1931, a high pres- 
sure of 30.30 inches over the Great Lakes and small 
gradients ave lgh t  air currentti up to 10,000 meters, 

inches over the B reat Lakes and Ohio vg alle and a low of 

tudes is largely dependent upon light winds, w E ich in 

velocities indicated a % ove 10 kilometers are probably 

show t B at accurate results are obtained as a rule up to 15 

where tbe 5 alloon was lost. 
1 For mom detailed dtscusaion of this high wind sea Yo. WEATHER REV., 47: 8534%. 

An interesting device has been employed at this and 
several other u per-air stations. A tag is attached to 
the balloon wit E request that finder return it, to ether 
with any information aa to where and when founf, was 
it seen falling, and finder’s name and address, so that 
return ma be acknowledged. The tag is of 1’ htc 
weight car K board, measuring about 2” by 3”, the Sdi- 
tionrtl weight being considered in calculati the total 

esting data as to the course of the winds after the balloon 
has been lost to view through clouds or distance. About 
10 per cent of the tags are returned, the percentage 
being greater than that during summer and less m 
winter. Wliile most of the returns are from oints in 

before going any reat distance or altitude, there have 

from near-by States, b e s t  Virginia, Ohio, and Penn- 
sylvania. 

One flight of particular interest was made on December 
2S, 1919. The winds were WNW. a t  7,000 meters 
where the balloon was lost through distance. The tag 
attached to it mas returned from near Rutland, .Vt., 
where the balloon. had been picked up. It had not 
been seen falling. The return was interesting as indi- 
cating a southwest current above 7,000 meters, the 
necessary conclusion, since the course of the winds 
where the balloon \vas lost to view would have carried 
it south of Vermont. Perhaps as many as 35 tags 
have come back from Ontario, in the brief period since 
ascensions were started here. 

lift. By means of the tag it is possible to T o tain inter- 

Michigan, indicating that the balloons genera E y burst 

been a number o f re orts from Canadian points and 

ADDITIONAL NOTE. 

By W. R. GEEQQ. 
In  the application of free-air data to aviation it is 

found t.hat increasing importance can be Wiven to ~~suZt- 
a.nt winds. They have no simificance &atever in the 
case of an individual flight, %ut, when a regular daily 
sc,he.dule over a considerable period of time, a year for 
esample, is considered, the resultant winds determine 
what cruising speed an airplane must have in order that 
a given flight schedule may, on the average, be main- 
tained. Or, to express the same thing in another way, 
a knowledge of resultant winds will enable a commercial 
aeronautical firm to bid intelligently on furnishing re ular 
service between two or more oints on the basis o P the 

from “following” or “head” winds, res ectively. Hence 
it seems appropriate to include resu f tant wind values 
in any statistical study of free-air winds. This I have 
done for Lansin , usin: for this purpose the figures given 
in Table 4 of d. Ray s paper. The results are given in 
Table 7, which, for purposes of comparison, contains also 
wind resultants, reviously published,a for stations not 

TABLE 7.-Annml residtant winds (ni. . s.) ab four stations in N& 

help or hindrance that will, on t \ e average, be experienced 

far distant from i) ,ansing. 

Central United ltates. 
I 

Altitude above 
statton. :I?&%? i 

N. 48’W. 1.3 
N.ePW. 1.8 
N. 74’ W. 2.3 
N. 75’ W. 3.1 
N. 78’ W. 3.0 
N.78. w. 7.5 
N. 75’ W. 11.2 
N. 77’ W. 12.5 ............... 


